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Job-worker spatial dynamics in Beijing: insights from Smart 1 
Card Data 2 
Abstract: 3 
As a megacity, Beijing has experienced traffic congestion, unaffordable housing 4 
issues and jobs-housing imbalance. Recent decades have seen policies and projects 5 
aiming at decentralizing urban structure and job-worker patterns, such as subway 6 
network expansion, the suburbanization of housing and firms. But it is unclear 7 
whether these changes produced a more balanced spatial configuration of jobs and 8 
workers. To answer this question, this paper evaluated the ratio of jobs to workers 9 
from Smart Card Data at the transit station level and offered a longitudinal study for 10 
regular transit commuters. The method identifies the most preferred station around 11 
each commuter’s workpalce and home location from individual smart datasets 12 
according to their travel regularity, then the amounts of jobs and workers around each 13 
station are estimated. A year-to-year evolution of job to worker ratios at the station 14 
level is conducted. We classify general cases of steepening and flattening job-worker 15 
dynamics, and they can be used in the study of other cities. The paper finds that (1) 16 
only temporary balance appears around a few stations; (2) job-worker ratios tend to be 17 
steepening rather than flattening, influencing commute patterns; (3) the polycentric 18 
configuration of Beijing can be seen from the spatial pattern of job centers identified. 19 
 20 
Keywords: Jobs-housing balance, Smart Card Data, spatial dynamics, longitudinal 21 
analysis, urban subway network 22 
 23 
1. Introduction 24 
As a megacity, Beijing has experienced traffic congestion, air pollution, and 25 
unaffordable housing issues. Many residents have endured a long commute every day 26 
(Feng et al., 2008; Zhao, 2015). Many still work in the CBD where housing remains 27 
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expensive, and so dwell in the suburbs where housing is more affordable. While 28 
Beijing was once a monocentric city, recent decades have seen policies and projects 29 
aiming at decentralizing urban structure and job-worker patterns. For example, a 30 
series of projects to decentralize non-capital functions included the relocation of 31 
universities and large firms (Pan et al., 2015). Policy makers have advocated 32 
commuting by public transportation to alleviate traffic congestion. For instance, 33 
sub-center construction started in the Tongzhou district in 2012, followed by the 34 
extension of Line 1 in Beijing subway system. Overall, both government-led and 35 
market-oriented projects have affected job-worker patterns in Beijing.  36 
With the suburbanization and economic growth in Beijing, estimates of the travel time 37 
for the journey-to-work varies widely. The journey-to-work was reported at about half 38 
an hour in 2001 (Zhao et al., 2011). According to the household survey, the duration 39 
of home-to-work journey was 38 minutes in 2005 (Meng, 2009), and it was almost 40 
constant in the analysis of Smart Card Data (i.e. SCD) in 2008 (Zhou and Long, 2014). 41 
In 2010, one report even has it increasing to 52 minutes (Wang and Xu, 2010). Ta et al. 42 
(2017) reviewed jobs-housing patterns and they found that the commuting time and 43 
distance significantly increased between 2001 and 2010. However, there are few 44 
studies about job-housing patterns in Beijing since 2011.  45 
Figure 1 Total length and passengers (in person-time) in Beijing subway system 46 
from 2001 to 2015 (Data source: www.bjsubway.com).  47 
 48 
Meanwhile, the Beijing subway system expanded rapidly between 2009 and 2015. As 49 
shown in Figure 1, the total length of subway lines nearly doubled from 228 to 554 50 
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kilometers. Between 2009 and 2011, the service areas of Beijing subway system 51 
extended to the suburbs, as many subway lines were opened: (1) Fangshan line in the 52 
southwest suburbs; (2) Daxing line from south to city center; (3) Yizhuang line in the 53 
southeast suburbs; (4) Changping line and parts of Line 15 in the north.  54 
 55 
 56 
Figure 2 Network expansion of Beijing subway system from 2011 to 2015 (Data 57 
source: www.bjsubway.com; Stations labeled: A. Olympic Sports Center, B. 58 
Zhongguancun, C. Xidan, D. Guomao, E. Dongdan) 59 
 60 
Railway lines in suburbs have connected to the network, and line density has 61 
increased since 2012 (Figure 2). For instance, Line 10, a second circle line, was 62 
completed (the first circle line is Line 2); Line 9 connected the Fangshan Line and 63 
Line 4. In 2015, the number of lines increased to nineteen. Overall, the length grew at 64 
5.12% per annum between 2011 and 2015. The number of annual passengers grew 65 
about 0.35 billion per year between 2009 and 2012. Total passengers experienced a 66 
rapid growth from 2.46 to 3.21 billion in 2013 and a continuous increase in 2014. But 67 
the number of passengers dropped to about 3 billion in 2015.1 As there have been few 68 
                                                             
1 One reason behind this decrease was the growth of ride-hailing apps in Beijing. Due to the competition between 
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longitudinal studies on jobs-housing balance under the expansion of subway system, 69 
we focus on this issue for Beijing subway system between 2011 and 2015. With the 70 
help of smart card data, we study workers who are regular transit commuters. 71 
Under this background, this paper contributes the following: (1) The paper conducts a 72 
longitudinal analysis of the job-worker relationship in Beijing from 2011 to 2015 at 73 
the metro station level. (2) Cases of job-worker dynamics are generally classified, 74 
including steepening or flattening variations. The remainder of this paper is organized 75 
as follow: Section 2 reviews relevant literature on jobs-housing balance and Smart 76 
Card Data, Section 3 offers the methodology; Section 4 reports results; Section 5 77 
concludes. 78 
 79 
2. Literature review 80 
2.1 Job-housing Balance 81 
The idea of job-housing balance was widely introduced by Cervero (1989), who 82 
identified institutional and zoning initiatives to synchronize metropolitan job and 83 
housing growth. ‘Balance’ indicates that the number of jobs is almost equal to the 84 
number of resident workers (what we call ‘workers’) in a given geographical area. 85 
The balanced job-housing ratio is often considered at around 1.5, assuming 1.5 86 
workers per household (Cervero, 1989). In such case, commute distances can be 87 
shortened, the share of nonmotorized trips should increase, and energy consumption 88 
by vehicles would decrease (Murphy, 2012). Therefore, transport planners, policy 89 
makers and public agencies have advocated job-housing balance to mitigate the 90 
consequences of urban sprawl, including traffic congestion, long commutes, and 91 
associated air and noise pollution (Scott et al., 1997).  92 
A body of literature explored factors that affect job-housing balance. The spatial 93 
mismatch may be affected by urban structures, urban sprawl, and the decentralization 94 
of employment centers or suburbanization (Dubin, 1991; Gordon et al., 1989; O’Kelly 95 
                                                                                                                                                                              
ride-hailing apps, many commuters obtained discounts or even free rides in 2015. 
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and Lee, 2005). More importantly, efficient public transport services may contribute 96 
to job-housing balance by means of residential self-selection (Zhou et al., 2014). 97 
Moreover, scholars have investigated this issue in different cultural contexts. In China, 98 
high housing costs in city centers, little availability of jobs in suburbs, and housing 99 
marketization has been a source of job-housing imbalance (Zhao et al., 2011). Also, 100 
work units (Danwei in Chinese) that originated from the former Soviet Union may 101 
facilitate job-housing balance (Wang and Chai, 2009). In the United States, housing 102 
segregation by race was one reason for job-housing imbalance (Bauder, 2000; Horner 103 
and Mefford, 2007).  104 
Furthermore, many studies tested the relationship between commuting time and 105 
job-housing balance. Based on the ‘co-location hypothesis’, workers tend to minimize 106 
their travel time through changing their workplace or residence, while employers also 107 
alter their firm locations in a free market (Gordon et al., 1991). Hence, a job-housing 108 
balance concerns a spatial equilibrium and shortens regional commuting time. 109 
Following this hypothesis, empirical studies found that commuting time during a 110 
rapid suburban growth may remain stable, as jobs and housing mutually co-locate to 111 
optimize travel times (Levinson and Kumar, 1994; Kim, 2008). The related notion of 112 
‘wasteful’ or ‘excess commuting’ reflects the surplus of journey-to-work travel caused 113 
by the spatial mismatch of residence and employment (O’Kelly and Lee, 2005; Hu 114 
and Wang, 2016). Following this framework, Zhou et al. (2014) studied the gap 115 
between the theoretical minimum commute and the practical commuting patterns in 116 
Beijing.  117 
To sum up, studies above have surveyed job-housing ratios at the metropolitan, 118 
submetropolitan, and local (neighborhood) levels (e.g. traffic analysis zones) (O’Kelly 119 
and Lee, 2005). But few have reported variation of job-housing ratios and their 120 
variations at a disaggregate level, or their dynamics. The gain or reduction of 121 
job-housing ratios may be hidden when we look at the variation at the aggregate level. 122 
Therefore, this study aims to examine the evolutionary trajectories of job-housing 123 
patterns at a disaggregate level. Also, we focus on the study of regular transit 124 
commuters instead of all social groups, which has been investigated little. We 125 
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acknowledge many jobs are different and require a unique set of skills and abilities. 126 
So while an overall balance may be achieved, it does not guarantee a balance for each 127 
particular job type. 128 
2.2 Travel regularity from Smart Card Data 129 
In the context of big data, the spatiotemporal heterogeneity from human mobility data 130 
is useful to derive urban land use patterns, which helps urban planners and policy 131 
makers (Wu et al., 2016; Ma et al., 2017). Following this stream, Smart Card Data 132 
should present a valuable source in investigating job-housing patterns, following 133 
earlier studies using Household Travel and Activity Diary Surveys (Wang and Chai, 134 
2009). One reason is that SCD can capture the regularity of commuters from a 135 
day-to-day analysis (Long et al., 2012; Trépanier et al. 2007). Manley et al. (2016) 136 
compared spatial-temporal patterns between irregular and regular users in the London 137 
public transport system. Long et al. (2016) investigated extreme travel behavior, such 138 
as travelling significantly early, travelling in unusually late hours, commuting an 139 
excessively long distance.  140 
Moreover, the card type can represent some socioeconomic characteristics of transit 141 
users, such as Adult, Student and Senior Citizen. This information was used in the 142 
study of temporal variability and travel behavior (Morency et al., 2007; Legara and 143 
Monterola, 2017), inferring trip purposes (Lee and Hickman, 2014; Zou et al. 2016).  144 
Many studies used data clustering methods. According to the unit in data mining, 145 
several levels and their linkages can be summarized as follows. Clustering smart card 146 
records to the station level has been widely used. At the station level, studies explored 147 
how built-environment affects transit ridership, commuting patterns, and spatial 148 
differences of regular transit trips (Choi et al., 2012; Long et al., 2012; Manley et al., 149 
2016).  But few studies explored job-worker relations at the station level. Then 150 
Reades et al. (2016) classified stations according to tap-in regularity of trips so that 151 
the correlation between transit demand and land use can be better understood. The 152 
observation at the station level can be extended to the regional level and then study 153 
the urban structure (Munizaga and Palma, 2012).  154 
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In the study of individual levels, whether to identify passengers through card number 155 
is a major difference in data clustering. Without passenger identification, transit trips 156 
were grouped according to similar temporal characteristics and card types, such as 157 
Morency et al. (2007) and Briand et al. (2017). With passenger identification, Ma et al. 158 
(2017) employed a spatial clustering method to investigate individual travel patterns 159 
and the method was developed from route sequences for passengers. Following this 160 
study, Zou et al. (2016) inferred passengers’ home locations and Legara and 161 
Monterola (2017) captured temporal regularity of transit trips at the individual level.  162 
Smart Card Data is useful in the study at the individual level so that the most 163 
preferred station around each commuter’s workplace and home location are identified 164 
(i.e. the job station and home station). Commute mode share by transit is around 20% 165 
in Beijing, and almost half of commuters choose to travel by transit in the city center2. 166 
Hence, this paper suggests that Smart Card Data can be used to estimate the 167 
proportion of jobs and resident workers around metro stations. We then explore the 168 
job-worker relationship.  169 
 170 
3. Methodology 171 
3.1 Data Processing 172 
In Beijing’s system, each smartcard trip generates a record of both boarding and 173 
alighting stations (Ma et al., 2017). As mentioned, we prepared data from 2011 to 174 
2015. Given that a one-week sample can be representative of a public transport 175 
system (Zhou et al., 2014), for each year, we obtained transit records for one week in 176 
April. On average, there are over 4 million trip records per day. For the study of 177 
job-housing balance, a total of over 100 million trips will be included in the analysis. 178 
Though original data has an attribute recording card types of passengers, over 90 179 
percent of card IDs belong to same type. Categories of card types cannot help us 180 
identify students, seniors and frequent passengers, unlike Lee et al. (2014), so we 181 
                                                             
2 The mode share is reported by http://www.bjjtw.gov.cn/ . 
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cannot directly acquire socio-economic attributes or obtain commuting trips according 182 
to card types. Hence, clustering passengers according to card type is not valid for the 183 
Beijing subway system.  184 
Instead, this paper generates an individual dataset for each card ID as shown in Figure 185 
3. In SQL Server, we query data for each ID and collect all trips by individuals. We 186 
sort out records by weekday, summarize travel days and calculate the number of total 187 
trips for each individual. For each individual, trips are ordered by its entry time, and a 188 
trip rank is entitled correspondingly. Here, we exclude records on weekends.  189 
Figure 3 Structure of an individual dataset 190 
 191 
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Figure 4 Temporal distribution of commuters by travel frequency (Note: the total 192 
number of boarding trips in every 30-minute interval by different commuters. 193 
For example, one-day commuters indicate those who accessed the subway system 194 
only one day in the week studied.) 195 
 196 
3.2 Identification of job and home station 197 
In the investigation of job-housing patterns, Zhou et al. (2014) proposed a method for 198 
the study of an urban bus system. The method sought workplaces from destination 199 
stations according to daily trips and then identified home locations based on the most 200 
frequent origin station visited. Similarly, this paper proposes a method to stations that 201 
passengers preferred to visit around their workplaces and home locations. According 202 
to the temporal disparity, entry time of four-day and five-day commuters mainly 203 
distributed during morning and evening peak hours (Figure 4). In such case, records 204 
of four-day and five-day commuters are useful in the study of job-worker balance. 205 
Therefore, one difference is that the program seeks these stations of individuals who 206 
commuted 4 or 5 days. From 2011 to 2015, the annual proportion of regular 207 
commuters rose from 23.74% to 37.37% (Table 1), and their trip records account for 208 
over 80% of transit trips. 209 
 210 
Table 1 Statistics with smart card data 211 
Year Daily trips(× 10$) 4-day and 5-day commuters Card IDs  
2011 3.05 981,714 4,135,115 
2012 3.52 657,023 3,011,079 
2013 3.77 1,273,554 4,940,565 
2014 4.67 1,582,179 5,558,604 
2015 4.78 1,562,899 5,710,397 
 212 
 213 
Moreover, the previous method associated records with all bus stops within 500m of 214 
one another, which is within the walkable distance for commuters. However, in 215 
Published as: Huang, Jie, Levinson, D., Wang, Jiaoe, Jin, Haitao (2019) Job-worker spatial dynamics in Beijing: 
Insights from Smart Card Data. Cities 86, 89-93 https://doi.org/10.1016/j.cities.2018.11.021  
 
 
 10 / 27 
 
subway systems, the distance between two stations is usually over 1 km or even 2 km. 216 
For instance, the average distance between stations in Beijing subway system is about 217 
1.5 km (taking about 15 minutes), which is more than typically walked for station 218 
access. Hence, another difference is that the program excludes this step. In addition, it 219 
is worth noting that the rate of school trips is few. One reason is that most students 220 
need to study at the nearest school from their home. A large number of students walk 221 
to school. For students out of the walkable regions, they are usually accompanied by 222 
parents, and they go to school by car. This paper then regards all regular commuters 223 
identified as ‘workers’.  224 
Following the process in Figure 3, each cardholder has an individual dataset. We 225 
identify the most preferred station around the cardholder’s workplace (i.e. job station) 226 
based on the following rules:  227 
(1) Access an individual dataset when the cardholder travels 4 or 5 days. 228 
(2) Find out trips whose boarding time is 6 hours later than the alighting time of the 229 
previous trip. Namely, 𝐵& − 𝐴&)* ≥ 6 hours, where 𝐵& denotes the boarding time 230 
of trip 𝑡&  and 𝐴&)* denotes the alighting time of trip 𝑡&)*. 231 
(3) Exclude trips if they do not occur on the same day as the previous trip. Then all 232 
remaining trips are return commuting trips for this cardholder. 233 
(4) Among origin stations of commuting trips, the station where the cardholder visited 234 
most frequently is regarded as the job station 𝑗. The frequency of visiting the station 235 
by the cardholder is defined as 𝑓0 . 236 
Similarly, the program identifies the most preferred station around the cardholder’s 237 
home location (i.e. home station) based on the following rules:  238 
(4) Access the individual dataset where the job station was identified above. 239 
(6) Among destination stations of commuting trips, the station where the cardholder 240 
visited most frequently is regarded as the home station ℎ. The frequency of visiting 241 
the station by the cardholder is defined as 𝑓2 . 242 
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It is worth noting that rules (2)-(6) were adopted from previous studies, such as (Zhou 243 
and Long, 2014; Zhou et al., 2014; Gao et al., 2018). This paper remains the time 244 
threshold ‘6 hours’, as the Annual Report on China Leisure Development (2016-2017) 245 
mentioned that the average working hours was 6.03 hours in Beijing in 2016. It 246 
validates the time threshold chosen. One criterion has been added is the rule (1), as 247 
this paper focuses on the study of regular transit commuters. With the method above, 248 
this paper will identify commuters whose working hours are more than 6 hours with 249 
regular schedules and fixed workplaces.  250 
 251 
3.3 Estimation of job-worker ratio 252 
For each station 𝑖 , we cluster the total number of individuals whose the most 253 
preferred station around their workplace is station 𝑖 and whose frequency 𝑓0 ≥ 4, 254 
and it is defined as 𝐽6 (i.e. the number of jobs at station 𝑖). With this condition, the 255 
program excludes non-regular commuters who travelled 4 or 5 days but visited 256 
various places. Also, the total number of individuals whose the most preferred station 257 
around their home locations is station 𝑖 and whose frequency 𝑓2 ≥ 4 is given as 𝑊6  258 
(i.e. the number of workers at station 𝑖). The job to worker ratio of station 𝑖 is given 259 
as 𝑅6 = 𝐽6 𝑊6⁄ .  260 
A question arises about the range of job to worker ratios for balanced regions. Indeed, 261 
it is not easy to achieve agreement of the range at different scales. According to the 262 
earliest definition of balanced communities, the job-housing ratio was between 0.75 to 263 
1.25 (Margolis, 1957). Cervero (1989) suggested the upper limit should be 1.5 at the 264 
nationwide level, as there should be more than one worker per household. Peng (1997) 265 
proposed the balancing range was 1.2 to 2.8 at the scale of traffic analysis zone in the 266 
metropolitan area. However, for the study of job-worker ratio, the theoretical balance 267 
would be achieved at 𝑅; = 1, as we do not consider the influence of households. 268 
Then the ‘balanced’ range of job-worker ratio is taken to be 0.8 to 1.2.  269 
Following the balanced range above, other threshold values were determined 270 
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symmetrically. For example, a ratio of 0.4 means that the number of workers is 2.5 271 
times more than jobs within the catchment area, and a ratio of 2.5 represents the 272 
opposite relation between jobs and workers. With this strategy of differentiation, the 273 
job-worker ratios from 2011 to 2015 are shown in Figures 5(a)-(e). More details will 274 
be included in Section 4.2. 275 
 276 
4. Results  277 
4.1 Job-worker ratio and passenger volume 278 
With the method in Section 3.2, a job station and a home station of each worker (i.e. 279 
cardholder 𝑘) are identified. We only exclude jobs and workers found at airport 280 
terminal stations (see Figure 2), as the regular passengers are few there. Therefore, the 281 
number of jobs almost equals workers (Table 2). In the data, the numbers of jobs and 282 
workers identified stably increased from 2011 to 2013. It rose to over 0.5 million in 283 
2014, but decreased to about 0.3 million in 2015. It is consistent with the tendency of 284 
total annual passengers in Figure 1.  285 
 286 
Table 2 Measured number of jobs and workers and average weighted J/W  287 
Year Jobs Workers AWR* AWR@ 
2011 247,426 247,428 2.74 2.83 
2012 250,235 250,238 2.49 2.85 
2013 269, 671 269,672 3.08 3.13 
2014 519,234 519,241 2.03 1.98 
2015 302,387 302,394 3.41 3.35 
 288 
Table 2 includes results of Average Weighted Ratio (AWR). AWR* is estimated with 289 
the total number of jobs and workers at each station, and it is defined as: 290 
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AWR* = ∑ (CDEFD)HDIDJK∑ CDEFDIDJK  (1) 291 AWR@ is estimated with the average daily trips (𝐹6) at each station, and it is defined 292 
as: 293 
𝐴𝑊𝑅@ = ∑ MDHDIDJK∑ MDIDJK   (2) 294 𝐴𝑊𝑅* and 𝐴𝑊𝑅@ are far from 1, which implies that stations with a large commuter 295 
or passengers flow tend to be job dominated. Their tendency differs slightly from 296 
2011 to 2012. It indicated that the job-worker relation may have different influence on 297 
regular commuters and irregular passengers. Here, we focused on the study of regular 298 
commuters.  299 
Moreover, Table 3 shows the correlation matrix of job-worker ratio and passenger 300 
flows. Overall, the boarding flow at the station level is positively related to the 301 
number of jobs, workers and their work trips. The boarding flow and job-worker ratio 302 
do not present a linear correlation.  303 
 304 
Table 3 Correlation matrix 305 
 Job-worker ratio Boarding flow Worker Job Work trips 
Job-worker ratio 1     
Boarding volume 0.1381 1    
Worker -0.2451 0.5562 1   
Job 0.3163 0.7232 0.1486 1  
Work trips 0.0729 0.8504 0.7169 0.7959 1 
 306 
Table 4 Statistical characteristics of job-worker ratio by subway stations  307 
Year Stations mean min max Std.Dev. Average travel time (mins)  
2011 170 2.4551 0.0169 28.6778 4.1197 37.76  
2012 180 2.7563 0.0192 39 5.2269 37.03  
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2013 211 2.4899 0.0100 26.1750 4.3448 37.53  
2014 230 1.6427 0.0271 11.4855 1.9976 38.35  
2015 266 2.4707 0.0122 38.2963 4.9373 37.98  
 308 
Table 4 reports results of statistical analysis at the station level. Overall, the average 309 
travel time approximately equals that in 2005 and 20083 (Meng, 2009; Zhou and 310 
Long, 2014), while the average value of job-worker ratio was unstable. The minimum 311 
ratio of stations was 0.01, which indicated that the number of workers was a 312 
hundredfold more than jobs. The maximum ratio was 39, which denoted that the 313 
number of jobs was 39 times more than workers. According to the wide range, it is 314 
necessary to perform a disaggregate analysis. 315 
 316 
4.2 Network expansion and variation of job-worker ratio 317 
We conduct a simple spatial analysis with the function of creating Thiessen polygons 318 
in ArcGIS10.2 (Pearce, 2000). For each station, we generate its catchment area 319 
according to the location, the numbers of jobs and workers and RN. To illustrate 320 
dynamics of J/W ratios (i.e. job-worker ratios), we generate a map of catchment areas 321 
in 2015 and retain the configuration for year-to-year analysis.  322 
This section reviews the process how the subway network expanded and the J/W 323 
ratios of new stations. In 2012, four stations opened at the end of Line 15, and the 324 
railway line extended to the region of Ring VI. Around these stations, the numbers of 325 
residences have been much larger than jobs. Their J/W ratios ranged from 0.086 to 0.5. 326 
They formed a residential region in Northeast. Meanwhile, Line 8 connected to 327 
Changping Line, and another four stations were built. Along Line 8, one job-heavy 328 
area appeared along Ring V (J/W=7.846), while one balanced area emerged within 329 
Ring VI (J/W=1.038). 330 
                                                             
3 Note: the average travel time estimated from Smart Card Data only include the travel time in the subway system. 
Including the travel time of first and last mile, the actual commuting time would be significantly longer. 
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Figure 5 (a)4 331 
 332 
Figure 5 (b)333 
                                                             
4 Stations labeled: A. Olympic Sports Center, B. Zhongguancun, C. Xidan, D. Guomao, E. Dongdan, F. Fengtai 
Science Park, G. Beiyuan, H. Wangjing, I. Xierqi, J. Rongchang East Street, K. Huixin West Street, L. Wukesong. 
Following figures are labeled accordingly.  
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Figure 5 (c) 334 
 335 
Figure 5 (d) 336 
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 337 
Figure 5 (e) 338 
Figure 5 Job-worker relations from 2011 to 2015.  339 
 340 
The major part of Line 6 was open in 2013. Around these stations, people can access 341 
more workplaces than residences around the stations within Ring III. The largest 342 
value of J/W ratio reached 12.49. However, the stations out of this region presented 343 
the opposite trend, and the smallest value of J/W ratio was 0.096. Also, Line 10 344 
became circular, though a few stations were not yet open. These new stations 345 
generated more worker-heavy areas in the southern part of Rings III and IV. Their J/W 346 
ratios were between 0.088 and 0.6.  347 
In 2014, Beijing subway system extended service in Fengtai district. The station 348 
density of Line 9 increased. The western part of Line 14 was constructed. Four 349 
stations on Line 10 were opened. Overall, most new stations in Fengtai district 350 
attracted more workers than jobs with a J/W ratio between 0.198 and 0.588. The only 351 
exception was Fengtai Science Park station, which has been a destination of workers.  352 
In general, the tendency of job centers or residential regions around the new stations 353 
stayed constant in the initial stage. For instance, the four stations at the end of Line 15 354 
remained a residential imbalance, as their J/W ratios were between 0.078 and 0.402 355 
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the period studied. Moreover, many stations above linked suburban residences to 356 
central workplaces, such as Line 8 and Line 6. It indicates that the affordable housing 357 
issue worsened the spatial mismatch of jobs and residences. This is consistent with the 358 
finding between 2000 and 2010 (Qi et al., 2018).  359 
 360 
4.3 Dynamics of job-worker relation: flattening vs. 361 
steepening 362 
With an empirical study in Minneapolis and Saint Paul, Levinson et al. (2017) 363 
suggested that Twin Cities is flatter than it used to be. Following this stream, this 364 
paper proposes theoretical definitions for the flattening or steepening J/W relations. If 365 
a ratio gets nearer to 1, during the duration studied, it can be defined as a flattening 366 
case; if a ratio is farther from 1, it can be regarded as a steepening case. Moreover, it 367 
is worth to identifying areas where the job-to-worker relation varied from OP > 1 to 368 OP < 1 or from OP < 1 to OP > 1. They can be regarded as reversing cases. The 369 
hypotheses and definitions can be summarized as Table 5 shown. 370 
 371 
Table 5 Steepening and flattening cases in the study of job-worker dynamics  372 
 Conditions Definition 
Case 1 J*W* > J@W@ J* > W* J@ > W@ NA flattening job heavy 
Case 2 J*W* < J@W@ J* < W* J@ < W@ NA flattening worker heavy 
Case 3 J*W@ < J@W@ J* > W* J@ > W@ NA steepening job heavy 
Case 4 J*W* > J@W@ J* < W* J@ < W@ NA steepening worker heavy 
Case 5.1 J*W* < J@W@ J* < W* J@ > W@ T J*W* − 1U@ > T J@W@ − 1U@ flattening worker-to-job reversing 
Case 5.2 J*W* < J@W@ J* < W* J@ > W@ T J*W* − 1U@ < T J@W@ − 1U@ steepening worker-to-job reversing 
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Case 6.1 J*W* > J@W@ J* > W* J@ < W@ T J*W* − 1U@ > T J@W@ − 1U@ flattening job-to-worker reversing 
Case 6.2 J*W* > J@W@ J* > W* J@ < W@ T J*W* − 1U@ < T J@W@ − 1U@ steepening job-to-worker reversing 
Case 7 J*W* < J@W@ J* > W* J@ < W@ NA NA impossible 
Case 8 J*W* > J@W@ J* < W* J@ > W@ NA NA impossible 
 373 
For the cases mentioned above, Table 6 shows in total that 55 stations are flattening, 374 
107 stations are steepening, and 18 are reversing (which may be flattening or 375 
steepening). Also, their spatial distribution is shown in Figure 6. The steepening 376 
tendency is consistent with the agglomeration of jobs in the city center and the 377 
increasing number of residents in the suburbs. Case 3 (steepening, job heavy) stations 378 
tend to be located within Ring IV. Case 4 (steepening, worker heavy) stations are 379 
more often in the suburbs (namely outside of Ring V).  380 
 381 
Figure 6 Spatial patterns of flattening and steepening cases between 2011 and 382 
2015 383 	384 
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There is not an obvious spatial configuration for flattening cases, as they scatter 385 
across the region studied. Overall, few stations within the city center have balanced 386 
job-worker ratios. Compared to the steepening cases, the flattening cases have impact 387 
upon a smaller region, and fewer job locations, but a similar number of workers. In 388 
2015, jobs within the flattening area were only 0.05 million, while those in the 389 
steepening area were about 0.2 million.  390 
In total, the reversing case only occurs at 18 stations. Most worker-to-job reversing 391 
stations are close to the city center. These areas strengthen the agglomeration of jobs 392 
in the central region, though 7 stations belong to the reversing and flattening cases. 393 
The job-to-worker reversing case appeared in the southern part of suburb. Once again, 394 
these variations intensify the worker-heavy trend in the suburb.  395 	396 
Table 6 Case tendency and their spatial distribution 397 
Case Stations 
Spatial distribution (%)* 
II III IV V VI Out of VI 
Case 1 13 30.77 15.38 0 23.08 30.77 0 
Case 2 42 9.52 4.76 19.05 26.19 40.48 0 
Case 3 64 29.69 23.44 32.81 9.38 4.68 0 
Case 4 33 0 3.03 0 0 90.91 6.06 
Case 5.1 7 0 14.29 42.86 28.56 14.29 0 
Case 5.2 6 33.33 0 50 0 0 16.67 
Case 6.1 2 0 0 0 0 50 50 
Case 6.2 3 0 0 0 0 100 0 
* It is estimated by stations within the Ring road over the total number of stations in 398 
the case. 399 
 400 
4.4 Job center, residential community and balanced region 401 
As the study via the household survey usually pre-estimated the location of job 402 
centers and residential communities (such as Wang and Chai (2009)), the survey was 403 
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conducted within particular regions. Different from the household survey, the research 404 
with Smart Card Data is more quantitatively fair to compare all job centers and 405 
residential communities. Hence, it is useful to examine job centers and residential 406 
communities with the estimated job to worker ratios. Also, it ensures a continuous 407 
observation across the whole city. In such a case, the spatial dynamics can be 408 
investigated. According to the configuration of job centers, it slightly varied from a 409 
monocentric to a polycentric structure during the period studied.  410 
Over half of jobs locate at the central region, which forms the largest job cluster 411 
within Ring IV. As J/W ratios tend to increase (Section 4.3), this region will aggregate 412 
more jobs instead of residential locations. Also, the central region attracts 60% of 413 
passenger flow. Hence, stations with a larger passenger flow tend to be job heavy 414 
areas, which is consistent with the observation of average weighted ratio (Section 415 
4.1). 416 
Furthermore, five sub-centers can be identified within the central region, and they are 417 
Xidan, Dongdan, Zhongguancun, Olympic Sports Center and Guomao (Table 7). 418 
Among these centers, only Olympic Sports Center did not attract abundant jobs in 419 
2011. The spatial configuration of other sub-centers has been seen explicitly since 420 
2011. 421 
The emergence of sub-centers above can be explained by different strategies of urban 422 
planning. Xidan and Dongdan have been two typical sub-centers within Ring II (the 423 
inner city). Zhongguancun has been a job center gathering advanced technology 424 
companies (like a small ‘Silicon Valley’) since 1980s, as it was planned to be a 425 
science park. Olympic sports center gradually emerged as a business center after 426 
Beijing Olympic Games in 2008. Offices and conference and convention centers are 427 
located there. Guomao has been a business center since 2010. It is surrounded by a 428 
financial center and offices of various companies.  429 
With suburbanization, four job centers have been constructed for the industrial 430 
agglomeration. Wangjing and Xierqi have gathered advanced technology companies. 431 
With geographic proximity, Beiyuan also attracted companies in the similar field. In 432 
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addition, several industrial zones located around the station in Southeast (i.e. 433 
Rongchang East Street). 434 
Similarly, Fengtai Science Park is a job center in Southwest (Section 4.2). As 435 
mentioned in Urban Plan of Beijing (from 2016 to 2035), Fentgtai district will 436 
construct a job center and encourage residents to work and commute within the 437 
district. With the observation here, Fengtai Science Park station should be a candidate 438 
location to contribute the job-worker balance at a local level.  439 
 440 
Table 7 Stations selected and geographic attributes 441 
Station J/W (2015) Remarks 
Olympic Sports Center 12.389 Conference centers, exhibition centers and offices locate there. 
Zhongguancun 18.357 A job center gathers advanced technology industry, surrounding by 
universities. Xidan 19.568 In the inner city, it gathers offices, shopping malls and entertainment 
locations.  Guomao 20.362 A busi ess center agglomerates banks and financial companies. 
Dongdan 38.296 In the inner city, it gathers offices, shopping malls and entertainment 
locations. Beiyuan 2.429 It changes from a residential community from a job center with the 
agglomeration of advanced technology companies. 
Wangjing 5.239 A job center gathers advanced technology companies. 
Xierqi 4.623 A job center gathers advanced technology companies and Internet 
startups. Rongchang East Street 6.960 I  is within Beijing economic and technical development zone (ETDZ). 
Liangxiang University Town West 0.012 A station along Fangshan Line is surrounded by campuses and residential 
communities. 
Gonghuacheng 0.025 A station along Changping Line is surrounded by campuses and 
residential communities. 
Wanshoulu 0.965 A balanced region gathers companies of manufacturing industry, schools 
and residential communities.  
Tiantandongmen 1.187 A balanced region gathers residential areas, hospitals, schools, attractions 
and offices.  
 442 
Compared to the agglomeration of jobs, residential communities are relatively 443 
Published as: Huang, Jie, Levinson, D., Wang, Jiaoe, Jin, Haitao (2019) Job-worker spatial dynamics in Beijing: 
Insights from Smart Card Data. Cities 86, 89-93 https://doi.org/10.1016/j.cities.2018.11.021  
 
 
 23 / 27 
 
decentralized. Within Ring II, we can only find two worker-heavy areas with J/W= 444 
0.593 and 0.77 in 2015. Also, the lowest value of J/W ratio within Ring IV was 0.084. 445 
Few residential communities emerge in the central region. Surrounding the job centers 446 
in the suburb, some catchment areas present worker-heavy tendency, and the workers 447 
are distributed evenly. In addition, stations along Changping Line and Fangshan Line 448 
show the worker-heavy tendency more explicitly; as the smallest value of J/W ratios 449 
was 0.025 and 0.012 respectively (see Figures 2 and 9).  450 
During the years studied, stations with job-worker balance gradually increased with 451 
the network expansion. Between 2011 and 2013, the number of stations whose 452 
catchment areas balanced jobs and workers was around 10. In 2014, this number 453 
increased to 18, and it remained 19 in 2015. Only two stations remained in job-worker 454 
balance over the five years, they were Wanshoulu and Tiantandongmen. Other stations 455 
only presented temporary job-worker balance. 456 
 457 
5. Conclusions 458 
This paper analyzes job-worker dynamics in Beijing. Based on travel regularity, this 459 
paper proposes a research method to determine the unique job station and 460 
corresponding home station for each regular commuter. Also, we performed a spatial 461 
analysis. We define for possible variations of job-worker dynamics and test associated 462 
hypotheses. Then this paper investigates the variance of J/W spatial pattern, and the 463 
configuration of job centers and residential communities were studied. Conclusions 464 
are summarized as follow. 465 
First, the steepening job-worker ratio significantly influenced commuting in Beijing. 466 
Compared to the flattening cases, the steepening relation affected wider areas in the 467 
city center as well as the suburb, though the overall weighted average job-worker 468 
relation was about 2.4 between 2011 and 2015. Hence, this paper emphasizes the 469 
importance of examining job-worker relation at a disaggregate level. The theoretical 470 
definitions of steepening and flattening cases are useful in the study of other cities. 471 
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Second, more station catchment areas present a job-worker balance, though we only 472 
observed temporary balance around many stations. The areas around Huixin West 473 
Street and Wukesong stations have been two largest balanced regions within Ring IV 474 
(Figure 5(e)). Across the whole city, the number of stations whose catchment areas are 475 
under job-worker balance is below 10%.  476 
Third, compared to studies based on the survey, the study from Smart Card Data can 477 
provide a parallel analysis for all possible job centers and worker clusters. With the 478 
observation abover, we conclude that Beijing continues to evolve from a monocentric 479 
to a polycentric city. From 2011 to 2015, the spatial configuration of job centers 480 
slightly evolved into one central cluster and five surrounding centers. But the 481 
distribution of workers was relatively decentralized in Beijing. For a better job-worker 482 
ratio, one suggestion is that policy support the decentralization of job locations. In 483 
particular, more workplaces should be encouraged to move toward the suburbs where 484 
residential communities have been established recently. 485 
Finally, it is worth noting some limits in this work. Generating catchment areas with 486 
Thiessen polygons worked smoothly in the areas of high station density but not in the 487 
areas of few stations. It may affect the analysis in the suburbs. Also, the study based 488 
on smart card data can only estimate a quarter of urban commuting in Beijing. The 489 
job-worker ratio generated by car, bus, walk, and bike needs additional observation. 490 
Moreover, this paper only investigates spatial mismatch for particular transit users 491 
with regular schedules and fixed workplaces. Many jobs are different, such as 492 
cleaners who work extremely early within a few hours, or those jobs without regular 493 
schedules. Those jobs have not been considered systematically in this paper. Future 494 
research can trace the trajectories of people who continuously access Beijing’s 495 
subway system over the five years.  496 
 497 
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